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INTRODUCTION 
The objective of Nondestructive Testing (NOT) is to detect flaws in the 
components, and characterize them by their size, shape, orientation etc. so that 
decision on fitness for service of the components can be made. In the case of thin 
walled tubes, ultrasonic or eddy current examination is generally performed for 
detection of defects. During the inspection of thin walled stainless steel tubes used 
in nuclear application, defect indications were obtained by eddy current 
examination in two of the tubes. From the eddy current examination results, 
accurate sizing and orientation of these defects could not be determined. Hence a 
complementary inspection method was required for better characterisation of 
defects in the two tubes. Even though ultrasonic testing is a most promising 
technique for detection and characterization of defects, the interpretation of results 
with A-scan presentation, relies heavily on the skill and experience of the operator 
performing the test, which comes only by extensive training [1]. This problem is 
still complicated in the case of thin walled tubes since resolution achievable is poor 
due to small wall thickness and diameter, and also due to poor signal-to-noise ratio 
obtainable from fine size defects. 
It has been reported [2-5] that better signal to noise ratio (SNR) is obtained 
by applying ultrasonic testing based Synthetic Aperture Focusing Technique 
(SAFT). The improvement in the SNR is due to signal averaging and SAFT 
reconstruction carried out on the time of flight echoes obtained from the test 
objects. In view of the above advantage of SAFT and also to characterise the 
defects by way of imaging, it was decided to apply SAFT on the two thin walled 
stainless steel tubes having defect indications. The development of test procedure, 
examination of the tubes and the results obtained are discussed in the paper. 
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EXPERIMENTAL 
Development of Ultrasonic SAFT Examination Procedme Using Reference Thin 
Walled Tube Having Artificial Defect 
Mockup tests were carried out with the help of a tube having artificial defect 
(0.8rom long, O.5rom width, and 0.1 rom deep) in the outer surface prior to the 
examination of the actual tubes for establishing the test procedure, and for 
optimising the test parameters [6].Since the tube dimensions (thickness of 0.37mm 
and diameter 5.1mm) are small, contact testing is not feasible and hence immersion 
ultrasonic examination was used. For the SAFT data acquisition., SAFT system built 
around an ultrasonic flaw detector model USD} 0 was used along with a point 
focused 4MHz immersion transducer (TS6WB4). The cladding tube was 
positioned horizontally in the immersion test set up (Fig.}) with a automatic 
scanner having X, Y, Z and e axis motions. Scanning was done with an incident 
angle of 22.5 deg with respect to the axis of the tube so that the beam enters the 
tube material at an optimum angle of 45 deg. [7,8] which is ideal for detecting 
defects of unknown orientations. 
The tube used for the mockup examination has a machined notch as 
reference defect with dimensions of 0.6mm length and 0.1 mm width and located 
on the outer surface of the tube. Cracks are not always as clearly oriented as the 
reference defects, and also since the defects such as porosity and inclusions are not 
so well detected by ultrasonics as notches [6], the sensitivity for examining the 
tube was set such that the reflection from the tube material was around 10% full 
screen height (FSH). This also ensured that no defect is missed and defects are 
picked up easily during the scanning process. For sizing the defect from the image, 
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Fig. 1 Schematic test setup of SAFT system 
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Fig.2 Image of reference defect (notch, 0.8 mm length, 0.5 mm width and 0.1 mm 
deep) at the outer surface. 
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Fig. 3 (a) Image of a defect in stainless steel tube 1 
~4!!eII 
~9Q1II 
-1.!llII 
·1.80 ell 
-2.2!leII 
-2.'Ilell 
oSol! III 
oSooUleil 
.... 05 ell 
.... !lO ell 
.... !!!. 
-!.4Q. 
-!.8!leII 
""30 ell 
",,~eII 
-'.20 ell 
1989 
S-axi. 
, 
" '" 
.. .. 
f ~ 
~ 
II 
. 
~~ 1 
t~ 
~~ 
~ 
D-m. iI S-ixi. 2~5 II 
. ...... -...... -. ... . . : ::::::; ; : : : :: ;;::: :: . : :::::::;:: .. ' ........... ~ 
...... . ............................ . 
. ... 
.. 
~~~~~~~~~~··~···M····~··~··.···~···~·I • 
................... - ... 
.. 
S-oxi •• 1 o-.xi. 37. D II 
5 I~ 15 .'11 2!i III l5 on- ~ 
" ... ::::~.::::::- ::::::: -::;: :.":::::."": :::: .":: :::: ",:::: ::-::: :::-::::::: -: :::::-: ::: l 
..... " .............. -................... -.................. . 
...... - .............. . 
.......... 
....... -.......... -... ........ . .................. . 
..... .... ....... .. 
Fig. 3 (b) Resolved A-Scan in depth and scan direction corresponding to 
the image of the defect in Fig. 3(a). 
-6dB criterion (in the colour scale 0 dB corresponds to 100% FSH on the SAFT 
image) in comparison with the defect image obtained from known size of the 
artificial defect introduced in the reference tube was used. 
The scanning of the tube was carried out in the axial direction. After every 
axial scan, the tube was incrementally rotated, and thus the entire circumference of 
the tube was examined. The SAFT images obtained in the mockup examination is 
given in Fig. 2. Repeated examination of the tube has revealed that the defect could 
be sized to an accuracy ofO.Olmm. The ultrasonic SAFT test procedures thus 
established was used for examining the actual tubes. 
Examination of Tubes by SAFT 
Based on the procedure developed with the help of mockup examination the 
actual examination was carried out on the two tubes in which defect indications 
were detected by ECT earlier. Scanning procedure followed was the same as the 
one optimised during the mockup examination. Whenever defect indication was 
observed during the examination, using the fine control of the scanner, SAFT 
images were obtained in a detailed manner so that no feature of the defect was 
missed. The results obtained during the exanimation are given below. 
RESULTS AND DISCUSSION 
Figure 3(a) shows the image obtained from a defect in one of the two tubes. 
The defect gave an amplitude of 70% FSH in the A-scan. The resolved equivalent 
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Fig.4(a) Image of a defect in stainless steel tube 2. 
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Fig. 4 (b) Resolved A-Scan in depth and scan direction corresponding to the image 
of the defect in Fig. 4(a). 
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A-scans in the depth and scan directions corresponding to the image of the defect 
are shown in Fig.3(b). On circumferentially rotating the tube, the signal amplitude 
has disappeared immediately. The SAFT image has revealed a sharp image. The A-
scan also has shown a sharp amplitude of 700IoFSH. The size of the defect is 
estimated to be 0.14 mrn. This defect gave an amplitude of 40-50% in the eddy 
current examination. 
Fig. 4(a) shows the image of the defect (40% full screen height (FSH» in the 
second tube. On circumferentially rotating the tube the reflected signal amplitude 
of the defect has fallen to 20% FSH. The image obtained has revealed that the 
defect is with an inclined orientation with respect to the axis of the tube. The 
inclination was determined to be around 30 deg. Fig. 4(b) shows the resolved 
equivalent A-scan in the depth and scan axis of the defect corresponding to the 
image shown in Fig 4(a). The defect size as evaluated from the image is 0.12 mrn. 
This defect gave an amplitude of 60-70010 in the eddy current examination. 
The defect in the tube which gave an amplitude of 70010 FSH during 
ultrasonic examination gave an amplitude 40-50010 in the eddy current examination. 
Whereas the defect in the second tube which gave an amplitude of 40010 FSH in the 
ultrasonic examination, gave 70% in the eddy current examination. The difference 
in the amplitude obtained on both technique attributed to the orientation and nature 
of the defect. This is also confIrmed by the SAFT images obtained from the defects. 
CONCLUSION 
The examination of the thin walled stainless steel tubes using eddy current 
testing has revealed that the identifIcation of circumferential location and 
orientation of the defects was a difficult task. Also, sizing of the defects could not 
be carried out. As an alternate, conventional ultrasonic examination with A-scan 
presentation also has its own limitations such as poor signal-to-noise ratio from the 
fIne size defect, poor resolution due to thin wall of the tube, dependency of the skill 
of the operator for interpretation, etc. To overcome these difficulties, ultrasonic 
SAFT technique has been applied for the examination of tubes. Experimental 
studies with the help of tube having reference defect have shown that the ultrasonic 
testing with SAFT image can size the defect with an accuracy ofO.Olmrn. Based on 
the established procedure with the mockup tests, examination of the actual tube was 
carried out and SAFT images were obtained from the defects. From the SAFT 
images, accurate sizing and orientation could be deduced. Circumferential position 
of the defect was also identifIed during the ultrasonic examination. It has been seen 
that ultrasonic examination with SAFT imaging is very useful in characterising the 
defects in thin walled stainless steel tubes. 
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